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(57) A narrow-band FM modulator 3 provided with 
an optical transmitter 1 converts a carrier signal having 
high carrier frequency higher enough than those of a 
plurality of signals into a narrow-band FM signal by FM- 
modulating the carrier signal with a small modulation In- 
dex for substantially generating only a first sideband in 
accordance with a multiplexed signal generated by sub- 
carrier-multiplexing the signals and a frequency con- 


verter 4 converts a narrow-band FM signal into a low- 
frequency-converted narrow-band FM signal having a 
frequency lower enough than the carrier frequency. A 
semiconductor laser 7 converts an optical signal into an 
FM optical signal by modulating the optical signal in ac- 
cordance with a low-frequency-converted narrow-band 
FM signal and transmits the FM optical signal to an op- 
tical receiver 2 through an optical-fiber cable 92. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention 

[0001] The present invention relates to an FM signal 
optical transmission apparatus and an FM signal optical 
reception apparatus used for, for example, optical com- 
munication. CATV, optical measurement, or mobile 
communication. 

Description of the Related Art 

[0002] In recent years, it has been practically used to 
perform optical transmission of video or audio data for 
many channels by making the most use of the small 
loss and wide-band characteristic of an optical fiber for 
a video monitoring system, CATV, subscriber system, or 
mobile communication. The above optical transmission 
system electrically multiplexes signals of many chan- 
nels by a plurality of subcarriers having frequencies dif- 
ferent from each other and converts them into AM 
signals and then, directly modulates a semiconductor 
laser beam or the like by the AM signals to convert the" 
semiconductor laser into an optical signal and transmits 
the optical signal through an optical fiber. Optical trans- 
mission of an AM signal is characterized in that the 
structure of a MODEM can be simplified particularly for 
transmission of a video signal and the cost of it can be 
decreased. 

[0003] However, the above optical transmission sys- 
tem has the following problems. That is, in the case of 
video optical transmission, it is necessary to secure a 
high C/N (carrier-to-noise ratio) in order to secure a 
desired signal characteristic (such as video quality). 
Moreover, to obtain a high C/N for video optical trans- 
mission of an AM signal, the receiver side indispensably 
requires a high optical input power. 
[0004] Moreover, in the case of mobile communica- 
tion, because the intensity level of an audio or data sig- 
nal to be transmitted is greatly fluctuated due to 
movement of a terminal, a high dynamic range is neces- 
sary for signal fluctuation. Furthermore, mobile commu- 
nication is subject to a distortion due to a reflected wave 
at the time of optical conversion by a semiconductor 
laser or under transmission through an optical fiber. Fur- 
thermore, an AM-signal amplifier requires an amplifier 
having a high linearity. 

[0005] To solve the above problems and improve the 
distortion resistance and noise resistance, an optical 
transmission system has been proposed so far which 
simultaneously converts subcarrier-multiplexed AM sig- 
nals into FM signals and optically transmits them. More- 
over, to obtain a desired C/N by increasing the 
modulation index of the proposed optical transmission 
system, it is also proposed to obtain an FM signal hav- 
ing a high modulation index by directly modulating the 


frequency of a semiconductor laser. FIG. 17 shows the 
structure of an optical transmission system improved as 
described above. 


[0006] This optical transmission system outputs an 
5 optical-frequency modulated signal by directly modulat- 
ing a semiconductor laser 41 with a multichannel AM 
signal (e.g. AM video signals) 30 in an AM-to-FM con- 
version section 82 of an optical transmitter 81. In this 
case, by modulating the semiconductor laser 41 into the 
10 AM signal 30. not only the amplitude of liglit is modu- 
lated but also the oscillation frequency of the light is 
modulated. By generating the light having an oscillation 
frequency slightly different from that of the optical-fre- 
quency-modulated signal thus generated by a local- 
15 oscillation light source 42 and multiplexing the light and 
the above optical-frequency-modulated signal by a mul- 
tiplexer 43 and thereafter, inputting the multiplexed light 
to a photodiode 44 and heterodyne-detecting the light, a 
wide-band (e.g. 1 to 6 GHz) FM-modulated signal is 
20 generated as a beat signal of two lasers and output to 
an electriclty-to-light conversion section 83. 
[0007] The electricity-to-light conversion section 83 
inputs the FM-modulated signal to a semiconductor- 
laser driving amplifier 88, directly modulates a semicon- 
' 25 " ductbriaseT 89 fortransmlision in ¥ccordarice^vtfith the' 
output of the semiconductor-laser driving amplifier 88 to 
generate an FM optical signal, and transmits the FM 
optical signal to an optical-fiber cable 92. (The above 
structure is disclosed in, for example, Japan Patent No. 
30 2700622.) 

[0008] The FM optical signal transmitted to the optical- 
fiber cable 92 is amplified by an amplifier (not illustrated) 
set to the middle of the optical-fiber cable 92 or the like 
and thereafter, optical-fiber-transmitted to each light- 
35 receiving section 93 through an optical turnout (not illus- 
trated) set to the middle of the optical-fiber cable 92. 
[0009] The light-receiving section 93 first converts an 
FM optical signal into an electric signal and amplifies 
the electric signal by a light-to-electricity converter 96 
40 and a preamplifier 97 constituting a llght-to-electricity 
conversion section 95 and thereafter, demodulates the 
electric signal to an AM signal 31 by an FM-to-AM 
demodulation section 94. The FM-to-AM demodulation 
section 94 is a delay-type demodulation circuit which is 
45 constituted with high-speed logic ICs 51 and 53 (e.g. 
AND gate), a delay section 52, and a low-pass filter. 54 
through a limiter amplifier 50 and realizes wide-band 
demodulation. 

[001 0] In the case of the above conventional FM trans- 
50 mission system, however, when converting an AM video 
multiplexed signal into an FM optical signal by the sem- 
iconductor laser 41, the CNR (carrier-to-noise ratio) is 
greatiy deteriorated because phase noises of the semi- 
conductor layer 41 are added to the FM optical signal. 
55 Therefore, even if the light-receiving intensity of the opti- 
cal receiver 93 is raised, the sensitivity is only improved 
up to a certain CNR value. To obtain a desired CNR 
from the optical receiver 93, it is necessary to use a 
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semiconductor laser having a line width of approx. 1/10 
the line width of the above conventional system and a 
semiconductor laser having an external resonator struc- 
ture. Therefore, there are problems that these semicon- 
ductor lasers are expensive and moreover, a plurality of 5 
semiconductor lasers must be used. 
[0011] Moreover, a method is considered which 
directly converts an AM signal into an electric FM signal 
in a low frequency band. However. wh3n increasing the 
modulation index of an FM modulator (modulation factor 10 
^ 10%). problems occur that a distortion occurs In an 
FM modulator, the signal quality is deteriorated due to 
the distortion, and thereby, preferable optical transmis- 
sion cannot be realized. 

[0012] Moreover, a conventional optical transmission is 
system has problems that, because of transmitting 
wide-band FM signals of 1 to 6 GHz, the uniformity of 
frequency bands of signals is broken due to the delay 
characteristic of parts of an amplifier in the optical trans- 
mitter 81 or those of the optical-fiber cable 92 and a dis- 20 
tortion due to a phase delay occurs in the AM signal 31 
demodulated by the light-receiving section 93. 
[0013] The present invention is made to solve the 
above problems and its pbjectis to provide an_FM signal 
optical transmission apparatus and an FM signal optical 25 
reception apparatus having a simple structure, a low 
cost, and a high reception sensitivity compared to con- 
ventional ones. 

SUMMARY OF THE INVENTION 30 

[001 4] The 1st invention of the present invention is an 
FM signal optical transmission apparatus comprising 

modulation means for converting a multiple signal 35 
obtained by subcarrier-multiplexing a plurality of 
signals into an FM signal having a predetermined 
carrier frequency; 

frequency conversion means for shifting an FM sig- 
nal converted by sard modulation means to a fre- 40 
quency lower than said carrier frequency; and 
optical modulation means for converting an optical 
signal into an FM optical signal by modulating said 
optical signal in accordance with an FM signal out- 
put from said frequency conversion means and 45 
transmitting said FM optical signal through an opti- 
cal fiber cable. 

[001 5] According to the above structure, an optical 
signal to be transmitted is obtained by performing nar- 50 
row-band FM modulation and low-frequency conver- 
sion, and then intensity modulation. So neither 
additional circuit nor optical heterodyne detection circuit 
are necessary Therefore, the circuit structure is simple 
compared to a conventional example and superior in 55 
stability and reliability. Thus, it is possible to provide an 
inexpensive FM signal transmission system. Moreover, 
because of using narrow-band FM signals, modulation 


distortion hardly occurs in the above modulation means. 
Therefore, the signal quality is not deteriorated. 
[001 6] The 3rd invention of the present invention is the 
FM signal optical transmission apparatus according to 
said 1st invention, further comprising: multiplication 
means for multiplying a plurality of said FM signals out- 
put from said modulation means to output a multqDiied 
signal; and first-band filtering means for band-filtering a 
desired narrow-band FM signal among multiplied sig- 
nals output from said multiplication means to output it to 
said frequency conversion means. 
[0017] Moreover, according to the above structure, an 
optical signal to be transmitted is obtained by perform- 
ing narrow-band FM modulation and low-frequency 
conversion, and then intensity modulation. Therefore, 
neither additional circuit nor optical heterodyne detec- 
tion circuit are necessary. Thus, it is possible to provide 
an inexpensive FM signal transmission system having a 
simple circuit structure compared to an conventional 
example and superior in stability and reliability Further- 
more, because of using narrow-band FM signals, mod- 
ulation distortion hardly occurs in the above modulation 
means and thereby, the signal quality is not deterio- 
rated. Furthermore, because of rnujtiplying najrrow- 
band FM signals, it is possible to obtain an FM signal 
having a large modulation index compared to the case 
of a conventional example and obtain a desired CNR 
from an optical receiver. 

[0018] The 4th invention of the present invention is the 
FM signal optical transmission apparatus according to 
said 1st or 3rd invention , further comprising: second- 
band filtering means for band-filtering only either of a 
first upper-sideband and a first lower-sideband included 
in the first sideband of said FM signal output from said 
modulation means. 

[001 9] Furthermore, according to the above structure, 
because transmission can be performed at a lower 
band, it is possible to raise the transmission efficiency 
and the power consumption for transmission driving Is 
reduced. 

[0020] The 5th invention of the present invention is the 
FM signal optical transmission apparatus according to 
any one of said 1st to 4th inventions, wherein said mod- 
ulation means is a voltage-control oscillator or relaxa- 
tion oscillator. 

[0021 ] The 6th invention of the present invention is the 
FM signal optical transmission apparatus according to 
any one of said 1st to 4th inventions, wherein said mod- 
ulation means phase-modulates said multiple signal to 
convert it into a phase-modulated signal and tiiereafter. 
multiplexes the phase-modulated signal and said carrier 
signal and thereby converts the multiplexed signal into 
a narrow-band FM signal to output it. 
[0022] Furthermore, according to the above structure, 
it is possible to simplify a circuit structure compared to 
the case of a conventional example and provide an inex- 
pensive system. 

[0023] The 7th invention of the present invention is the 
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FM signal optical transmission apparatus according to 
any one of said 1st to 6th inventions, wherein suppres- 
sion means for suppressing the central frequency of 
said FM signal output from said modulation means is 
included, and the output from said suppression means 5 
is input to said frequency conversion means to serve as 
an object of said shifting. 

[0024] Furthermore, according to the above structure, 
it is possible to improve the quality of transmission sig- 
nals compared to the conventional quality though the 10 
structure is simple. 

[0025] The 9th invention of the present invention is the 
FM signal optical transmission apparatus according to 
any one of said 1st to 8th inventions, wherein compen- 
sation means is included which applies dispersion com- is 
pensation or group-delay compensation to said FM 
signal to be transmitted. 

[0026] Furthermore, according to the above structure, 
it is possible to inexpensively realize an optical trans- 
mission system superior in phase characteristic under 20 
transmission. 

[0027] The 15th invention of the present invention is 
an FM signal optical reception apparatus comprising 
compensatioji means for dispersion -compensating or 
group-delay-compensating an FM optical signal trans- 25 
mitted through an optical fiber: light-to-electricity con- 
version means for converting an FM optical signal 
output from said compensation means into an FM elec- 
tric signal: and demodulation means for demodulating 
said FM signal converted by said light-to-electricity con- 30 
version means into an AM signal. 
[0028] Furthermore, according to the above structure, 
it is possible to inexpensively realize an optical recep- 
tion system capable of suppressing a distortion due to a 
phase shift under transmission. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] 

40 

FIG. 1 is a block diagram showing the structure of 
the FM optical transmission system of the first 
embodiment of the present invention; 
FIG. 2(a) is a spectrum diagram showing the fre- 
quency characteristic of an AM -multiplexed video 4s 
signal 20 that is an input signal of the narrow-band 
FM modulator 3 in FIG. 1 ; 

FIG. 2(b) is a spectrum diagram showing the fre- 
quency characteristic of a narrow-band FM signal 
27 which Is an output signal of the narrow-band FM so 
modulators in FIG. 1; 

FIG, 3 is a spectrum diagram showing the fre- 
quency conversion by the frequency converter 4 in 
FIG. 1: 

FIG. 4 is a block diagram showing the structure of 55 
the optical transmitter 1 a of the FM optical trans- 
mission system of the second embodiment of the 
present invention; 


FIG, 5 is a spectrum diagram showing the process- 
ing by the optical transmitter 1a in FIG! 4; 
FIG. 6 is a block diagram of the FM signal optical 
transmission apparatus of the third embodiment of 
the present invention; 

FIG. 7(a) Is an illustration of an AM signal transmit- 
ted by a conventional example or the present inven- 
tion, FIG. 7(b) is an illustration of an FM signal after 
passing through the FM modulator of the embodi- 
ment 3 of the present invention, and FIG. 7(c) is a 
spectrum diagram of a signal after passing through 
the band-elimination filter of the embodiment 3 of 
the present invention; 

FIGS. 8(a) to 8(c) are frequency conversion dia- 
grams for explaining functions of various portions of 
an FM signal in the third and fourth embodiments of 
the present invention; 

FIG. 9 is a block diagram of the FM signal optical 
transmission apparatus of the fourth embodiment of 
the present invention; 

FIG. 10 is a block diagram showing the structure of 
the FM optical transmission system of the fifth 
embodiment of the present invention; 
FIG. 1 1(a) is an ijlustration showing an^ AM signal to 
be transmitted of the present invention; 
FIG. 1 1 (b) is a spectrum diagram of an FM signal 
after passing through an AM-to-FM converter; 
FIGS. 12(a) and 12(b) are frequency conversion 
diagrams for explaining the functions of various por- 
tions of an FM signal in the present invention; 
FIG. 13 Is an illustration showing the structure of 
group-delay compensation means using the optical 
fiber grating of the fifth embodiment of the present 
invention; 

FIGS. 14(a) to 14(c) are conceptual views of group- 
delay characteristics of the transmission system of 
the fifth embodiment; 

FIG. 15 is a block diagram showing the structure of 
the FM optical transmission system of the sixtii 
embodiment of the present invention; 
FIG. 16 is a block diagram sowing the structure of 
the FM optical transmission system of the seventh 
embodiment of the present invention; and 
FIG. 1 7 is a block diagram showing the entire struc- 
ture of the FM optical transmission system of a con- 
ventional example. 

Description of symbols 

[0030] 


1,1a Optical transmitter 

2 Optical receiver 

3 Narrow-band FM modulator 

4 Frequency converter 
4a Mixer 

4b Local signal oscillator 

5 Low-pass filter 


4 


r 


7 


6 

Driving amplifier 

7 

Rpmiconriuctor lasfir 

o 
D 

Plor*frir'it\y-tr>-linht mnvpr^ion S6Ction 



10 

Linht-to-elpctricitv conversion section 

1 1 

FM demodulator 

1 c 

^UW ^OOO IIILCI 

1*5 
1 o 


14. 

L.UVV IIUIOC CIIII|Jlllld 

20, 20a 

AM-mijltiDlexed video sianal 

21 

Multiplier 

22 

Band-pass filter 

27 

Narrow-band FM signal 

27a 

Low-frequency-converted narrow-band FM 


signal 


DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


[0031] Embodiments of the present invention are so 
described below by referring to the accompanying draw- 
ings. 

(First embodiment) 

25 

[0032] FIG. 1 is a block diagram showing the structure 
of the FM optical transmission system of the first 
embodiment of the present invention. The FM optical 
transmission system of this emtjodiment is constituted 
with an optical transmitter 1 and an optical receiver 2 30 
connected each other by an optical-fiber cable 92. In 
this case, the optical transmitter 1 is provided with a nar- 
row-band FM modulator 3, a frequency converter 4, and 
an electricity-to-light conversion section 8 and the opti- 
cal receiver 2 is provided with a light-to-electricity con- 35 
version section 10. an FM demodulator 11. and a low- 
pass filter 12. 

[0033] In FIG. 1 , a signal input to the narrow-band FM 
modulator 3 is an AM-multiplexed video signal 20 gen- 
erated by subcarrier-muitiplexing a multichannel AM 40 
video signal. The narrow-band FM modulator 3 inter- 
nally generates a high-frequency carrier signal in a mil- 
limeter-wave band higher enough than the frequency 
band of the AM-multiplexed video signal 20. converts 
the carrier signal into the narrow-band FM signal 27 45 
shown in FIG. 2(b) by frequency-modulating the carrier 
signal with a relatively-small modulation index (modula- 
tion factor corresponding to the modulation index is 10% 
or less) at which only the carrier and first sideband (first 
sideband includes a first upper-sideband and a first so 
lower-sideband) of an FM signal are substantially gen- 
erated In accordance with the input AM-multiplexed 
video signal 20 and outputs the signal 27 to a mixer 4a 
of the frequency converter 4. In this case, because the 
frequency of the carrier signal of the narrow-band FM 55 
signal 27 is higher enough than the original input signal, 
there is an advantage that a large modulation index nec- 
essary for optical transmission can be obtained. 


8 

[0034] The narrow-band FM modulator 3 can use, for 
exanple* a voltage-control oscillator using a varactor or 
a reactance transistor, or a digital relaxation oscillator 
using a multivibrator. Moreover, it is possible to integrate 
and thereafter phase-modulate the AM-multiplexed 
video signal 20. Furthermore, it is possible to multiplex 
a carrier signal to the above phase-modulated signal by 
a balanced modulator and thereby generate a narrow- 
band FM signal. 

[0035] The narrow-band FM signal 27 output from the 
narrow-band FM modulator 3 is mixed with a locally- 
oscillated signal output from a local-signal oscillator 4b 
by the mixer 4a provided with a nonlinear device such 
as a pin-type diode having a nonlinear voltage-current 
characteristic and then, low-frequency-filtered by the 
low-pass filter 5. and thereby the narrow-band FM sig- 
nal 27 having a central frequency (carrier frequency) of 
25 GHz is down-converted (frequency conversion to 
lower frequency) into a low-frequency-converted nar- 
row-band FM signal 27a having a central frequency of 5 
GHz. 

[0036] The reason for down-converting the FM signal 
27 into the FM signal 27a is described below. That is. 
the upper limit of Jrequencie^xealizing signal conyensiqn 
between an electric signal and an optical signal is gen- 
erally restricted by the limit of the frequency response 
rate of a conversion device. In general, a frequency 
response cannot be made unless a carrier frequency is 
10 GHz or lower or signal conversion cannot be per- 
formed. Therefore, the above down-conversion is nec- 
essary. 

[0037] Then, the low-frequency-converted narrow- 
t)and FM signal 27a down-converted as described 
above is amplified by a driving amplifier 6 in an electric- 
ity-to-light converter 8 and then. Input to a semiconduc- 
tor laser 7 provided with a laser diode. 
[0038] The semiconductor laser 7 intensity-converts 
an optical signal generated inside in accordance with 
the input low-frequency-converted narrow-band FM sig- 
nal and thereby transmits the Intensity-converted opti- 
cal signal to the counterpart optical receiver 2 through 
the optical-fiber cable 92. 

[0039] In this case, the semiconductor laser 7 uses, 
for example, a large-wavelength semiconductor laser 
made of an InP-based material having a wavelength in 
a 1 .2- to 1,6-^m band, a semiconductor laser of a 0.78- 
|im band, or a semiconductor laser made of a GaAIAs- 
based material having an oscillation wavelength in a 
0.98-^m band in a preferable embodiment. Moreover, 
the optical-fiber cable 92 uses,for example, an optical- 
fiber cable, a multi-mode optical-fiber cable, or a single- 
mode optical-fiber cable having a core diameter of 10 to 
300 pm in a preferable embodiment. 
[0040] An optical signal received by the optical 
receiver 2 through the optical-fiber cable 92 is input to 
the light-to-electricity conversion section 1 0 and photo- 
electrically converted into an electric signal by a photo- 
electric converter 13 provided with a photodiode or an 
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avalanche photodlode, and then amplified to an electric 
signal having a desired signal intensity by the low-noise 
amplifier 14. The anplified electric signal Is frequency- 
demodulated by the FM demodulator 1 1 and returned to 
the original AM-multiplexed video signal 20. In this case, 5 
It is preferable to use a delay-line-type or pulse-count- 
ing-type demodulator having a wide band and a high lin- 
earity. FIG. 1 shows a delay-line type demodulator. 
[0041] In the case of this embodiment, the narrow- 
band FM modulator 3 obtains the narrow-band FM sig- 70 
nal 27 by frequency-modulating a carrier signal with a 
relatively-small modulation index at which only the car- 
rier and fist sideband of an FM signal are substantially 
generated. Therefore, the narrow-band FM signal 27 
substantially becomes a signal dose to an AM signal, is 
Thus, it is possible to use a structure for filtering only 
either of the first upper-sideband and the first lower- 
sideband of the narrow-band FM signal 27 with a band- 
pass filter and transmitting it. In this case, the optical 
receiver 2 can regenerate the original narrow-band FM 20 
signal 27 by passing through an amplitude limiter after 
photoelectric conversion. Therefore, because transmis- 
sion can be performed in a narrower band, it is possible 
to improve the transmission efficiency. Thus, it is possi- 
ble to reduce the power consumjstion for transmission 25 
driving. 

[0042] This embodiment uses the delay-line type as 
shown in FIG. 1 and uses a two-output element 16 serv- 
ing as a high-speed digital element, an AND element 
1 7, and a delay circuit 160. Moreover, the FM demodu- so 
lator 1 3 is not restricted to the above structure. It Is also 
possible to use a double-tuned frequency discriminator, 
a Foster-Seeley discriminator, or a circuit such as a ratio 
detector having a frequency-discriminating function. 
[0043] As described above, because this embodiment 3S 
obtains an optical signal to be transmitted by narrow- 
band-FM-modulating and low-frequency-converting the 
signal and then intensity-modulating the signal by the 
semiconductor laser 7. neither additional circuit nor opti- 
cal heterodyne detection circuit are necessary. There- 40 
fore, it is possible to provide an inexpensive FM signal 
transmission system having a simple circuit structure 
compared to the case of a conventional example, supe- 
rior In stability and reliability. Moreover, because of 
using the narrow-band FM signal 27. a modulation dis- 45 
tortion hardly occurs in the narrow-band FM modulator 
3. Therefore, the signal quality Is not deteriorated. 


(Second embodiment) 


50 


[0044] FIG. 4 is a block diagram showing the structure 
of an optical transmitter la of the FM optical transmis- 
sion system of the second embodiment of the present 
invention. In FIG. 4, a component same as that in FIG. 

1 is provided with the same symbol. The optical receiver 55 

2 uses that of the first embodiment. The second embod- 
iment is different from the first embodiment in that a 
multiplier 21 and a low-pass filter 22 are set between 


the narrow-band FM modulator 3 and the frequency 
converter 4 and characterized In that a plurality of the 
narrow-band FM signals 27 are multiplied by the multi- 
plier 21 . and a signal in a desired band is band-filtered 
by the band-pass filter 22 and thereafter frequency-con- 
verted to a lower frequency by the frequency converter 
4. Different points from the first embodiment are 
described below particularly in detail. 
[0045] In FIG. 4, the AM -multiplexed video signal 20 
generated by subcarrler-multiplexing AM video signals 
of channels is Input to the narrow-band FM modulator 3. 
The narrow-band FM modulator 3 narrow-lDand-FM- 
modulates a carrier signal having a carrier frequency (to 
= 5 GHz) higher than the original AM video signal fre- 
quency (approx. 500 MHz) In accordance with the input 
AM-multiplexed video signal 20 to convert the carrier 
signal into the narrow-band FM signal 27. The narrow- 
band FM modulator 3 performs narrow-band FM modu- 
lation having a low modulation index at which signal 
deteriorated due to distortion does not occur or side- 
bands other than a first sideband dot not rennarkably 
appear in the FM conversion spectrum for each channel 
of a multichannel subcarrier-multiplexed signal. 
[0046] A plurality of the narrow-band FM signals 27 
are Input to the multiplier 21 and multiplied by N to 
increase the modulation Index of the narrow-band FM 
signal 27. Thereby, the signal 27 is provided with a car- 
rier frequency (25 GHz for multiplication number N = 5) 
higher enough than that of the original AM-multiplexed 
video signal 20 as shown in FIG. 5 and moreover con- 
verted into an FM signal having a wide signal band. 
Therefore, an FM signal having a modulation index for 
obtaining a CNR necessary for the optical receiver 2 of 
the FM optical transmission system can be obtained 
through the above multiplication. 
[0047] Then, the FM signal is input to the band-pass 
filter 22 in which one narrow-band FM signal 27 is 
extracted so as to eliminate spectrums in unnecessary 
bands other than the FM signal band, and then down- 
converted into the low-frequency-converted narrow- 
band FM signal 27a by the frequency converter 4 as 
shown in FIG. 5 similariy to the case of the first embod- 
iment. The subsequent processings are the same as 
the case of the first embodiment. 
[0048] As described above, this embodiment makes it 
possible to obtain an FM signal having a large modula- 
tion index compared to the case of a conventional 
example because the narrow-band FM signal 27 is mul- 
tiplied and moreover obtain a desired CNR by the opti- 
cal receiver 2. 

[0049] Thus, even when the narrow-band FM modula- 
tor 3 described for the first embodiment has a structure 
unable to generate a carrier signal having a frequency 
higher enough than that of the original AM-multiplexed 
video signal 20. it shows the same advantage as the 
first embodiment by adding the multiplier 21 as shown in 
FIG. 4. 
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(Third embodiment) 

[0050] FIG. 6 is a block diagram of the FM optical 
transmission system of the first embodiment of the 
present invention. The structure of this embodiment is 
described below by referring to FIG. 6. 
[0051] As shown in FIG. 6, the FM optical transmis- 
sion system is constituted with an optical transmitter 

1001 and an optical receiver 1019. The optical transmit- 
ter 1001 Is constituted with an FM conversion section 

1002 including an FM modulator 1004a. a band-elimina- 
tion filter 1005a. a multiplier 1006a, a band-pass filter 
1007, and a frequency converter 1008a and an electric- 
ity-to-light conversion section 1003 including a wide- 
band amplifier 1009 and a semiconductor laser 1010. 
An optical signal output from the optical transmitter 
1001 is transmitted by the optical fber 92 and input to 
the optical receiver 1019. The optical receiver 1019 is 
constituted with a llght-to-electrlclty conversion section 
1012 including a light-to-electricity conversion section 
1014 and a preamplifier 1015, an FM demodulator 
1013, and a filter 1018. Suppression means of the 
present invention corresponds to the t)and-elimination 

filter 1005a. . _ . . 

[0052] Operations of this embodiment having the 
above structure are described below. 

[0053] That Is. the AM signal 20 serving as the mul- 
tichannel subcarrier-multiplexed video signal shown in 
FIG. 7(a) is converted into the FM signal 30 shown in 
FIG. 7(b) by the FM modulator 1004a. 
[0054] Moreover, the FM modulator 1 004a performs 
narrow-band FM modulation causing no distortion and 
having a low modulation factor. In this case, the modu- 
lation factor has a small value at which sidebands other 
than a first sideband 1032 do not remarkably appear as 
the spectrum of an FM^converted signal 1300 for each 
channel of the multichannel subcarrier-multiplexed sig- 
nal 20. 

[0055] Therefore, each first sideband 1032 in FIG. 
7(b) appears in a region f-| separate from an FM carrier 

1031 (frequency of to). FIG. 7(c) shows a signal 1301 
after the FM signal 1300 passes through the band-elim- 
ination filter 1005a. The central frequency of the band- 
elimination filter 1005a Is adjusted to the frequency fo of 
the FM carrier 1031 in FIG. 7(b) and the suppression 
degree at the central frequency is not large. Therefore, 
after passing through the band-elimination filter 1005a. 
the FM signal 1300 becomes an FM carrier 1034 by a 
level difference 1035 lower than the FM carrier 1031. 
Moreover, the sideband 1032 is not influenced by phase 
change or level fluctuation due to the band-elimination 
filter 1005a because the frequency of the sideband 

1032 is separate from the FM carrier 1034 by f^. There- 
fore, only the portion of the FM carrier 1034 is selec- 
tively suppressed by the level difference 1035 by the 
band-elimination filter 1005a. Thereby, the FM modula- 
tion factor of a signal narrow-band-FM-modulated by 
the FM modulator 1004a is apparently increased by the 


band-elimination filter 1005a because the level differ- 
ence 1036 between a carrier and a sideband becomes 
smaller than the level difference 1033 before passing 
through the band-elimination filter 1005a. 

5 [0056] The signal 1 301 is input to and multiplied by the 
multiplier 1006a by IS! to further Increase the modulation 
factor and thereby, converted into an FM signal 1302 
having an FM carrier (e.g. Nxfo=25GH2) higher 
enough than the original AM signal as shown in FIG. 

10 8(b). Therefore, it is possible to obtain the FM signal 
1302 having a modulation factor for obtaining a C/N 
necessary required by an optical receiver for optical 
transmission through the above multiplication. Moreo- 
ver, spectrums of unnecessary bands other than an FM 

75 signal band is eliminated by a band-pass filter 1007a 
and then, signal components are down-converted to the 
low frequency side by the frequency converter 1008a. 
for example, by a mixer. Thus, the FM-converted signal 
1027 shown In.FIG. 8(c) Is obtained. The FM-converted 

20 signal 1 027 Is propagated through the wide-band ampli- 
fier 1009 as an optical signal by the semiconductor laser 
1010. 

[0057] Operations of the optical receiver 1019 are the 
same as those_of tfie optical receiver 2 described for the 

25 embodiment 1 (see Fig 1), this embodiment uses the 
delay-line type as shown in FIG. 6 and uses a two-out- 
put element 1016 serving as a high-speed digital ele- 
ment, an AND element 1017, and a delay circuit 1160. 
Moreover, the FM demodulator 1013 Is not restricted to 

30 the above structure. It is also possible to use a double- 
tuned frequency discriminator, a Foster-Seeley discrim- 
inator, or a circuit such as a ratio detector having a fre- 
quency-discriminating function. 
[0058] According to the above structure, by perfbrm- 

35 ing FM conversion with an FM modulator having a small 
FM modulation factor, primarily increasing the FM mod- 
ulation factor with a band-elimination filter, and thereaf- 
ter secondarily increasing the FM modulation factor, 
and thereby obtaining a desired FM modulation factor, It 

40 is possible to simultaneously convert AM multichannel 
signals subcarrier-multiplexed through the signal 
processing by a simple-structure electric circuit into FM 
signals without increasing multiplication number of the 
multiplier. 

45 

(Fourth embodiment) 

[0059] FIG. 9 is a block diagram showing the FM opti- 
cal transmission system of an embodiment of the 

50 present invention. The structure of this embodiment Is 
described below by referring to FIGS. 7 to 9. 
[0080] In FIG. 9, an optical transmitter 1001 is consti- 
tuted with an FM conversion section 1002 including an 
FM modulator 1004b, a frequency converter 1008b. a 

55 band-elimination filter 1005b. a multiplier 1006b. a 
band-pass filter 1007b, and a frequency converter 
1008a and an electricity-to-light conversion section 
1003 same as that of the embodiment 3. Description of 
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an optical receiver 1019 is omitted because the optical 
receiver 1019 is the same as that of the embodiment 3. 
[0061] Operations of this embodiment having the 
above structure are described below. 
[0062] That is. a multichannel subcarrier-multiplexed s 
AM signal 20 Is converted into the FM signal 1300a in 
FIG. 8(a) by the narrows-band FM modulator 1004b hav- 
ing an FM carrier (e.g. f^, = 25 GHz) higher enough than 
the original AM signal frequency, 

[0063] The narrow-band FM modulator 1004b per- io 
forms the narrow-band FM modulation having a low 
modulation factor at which signal deteriorated due to a 
distortion does not occur or sidebands other than a first 
sideband 1032a do not remarkably appear as the FM 
conversion spectrum for each channel of a multichannel is 
subcarrier-multiplexed signal. This signal is down-con- 
verted to the low-frequency side by the frequency con- 
verter 1008b to obtain a spectrum 1300b. In this case, it 
is assumed that the central frequency down-converted 
by the frequency converter 1008b is fo for the sake of 20 
description. 

[0064] Hereafter, only an FM carrier 1031b is selec- 
tively suppressed by the level difference 1035 by the 
band-eliniination filter 1 005b to obtain the signal of the 
spectrum 1301 in FIG. i3(b). Subsequent operations are 25 
the same as those of the third embodiment. 
[0065] Thus, this embodiment makes it possible to 
expand a frequency variable range and further expand 
the band of a signal input to an FM modulator by using 
an FM modulator having a high-enough carrier In addi- so 
tion to the advantages of the third embodiment. 
[0066] It is preferable that the modulation factor of the 
FM modulator of each embodiment above described is 
10% or less. When a modulation factor is 10% or less, it 
is possible to secure 98% of signal energy or more in a ss 
frequency zone from a frequency fo-f2 up to a frequency 
fo-i-f2 of the FM modulation spectrum 1300 of the mul- 
tichannel subcarrier-multiplexed signal in FIG. 7(b) and 
realize narrow-band FM. 

[0067] As described above, the above embodiments 40 
convert a plurality of subcarrier-multiplexed signals into 
FM signals by an FM modulator, suppress central -fre- 
quency components in the FM signals by a band-elimi- 
nation filter, multiply the FM signals whose central 
frequency components are suppressed by a frequency 45 
multiplier, shift a signal having a desired modulation fac- 
tor among the frequency-multiplied signals to an optical 
transmission band at the low-frequency side by a fre- 
quency converter, convert the signal into an optical sig- 
nal, and transmit the optical signal. so 
[0068] Moreover, the above embodiments convert a 
plurality of subcarrier-multiplexed AM signals into FM 
signals with an FM modulator for generating a high-fre- 
quency carrier signal in a millimeter-wave band having a 
frequency higher enough than that of an AM signal ss 
serving as a non-modulated wave, shifts the FM signals 
to the low-frequency side with a frequency converter, 
suppress central frequency components of the shifted 


FM signals with a band-elimination filter, and apparently 
raised a desired modulation factor, and then multiply the 
signals with a frequency multiplier, shifts the frequency- 
multiplied signals having a desired modulation factor to 
the optical transmission band at the low-frequency side 
with a frequency converter, convert them into optical 
signals, and transmit the optical signals. 
[0069] For the above embodiments, a structure is 
described which suppresses the central frequency com- 
ponent in an FM signal, then multiplies the FM signal 
whose central component is suppressed, and shift it to 
the low-frequency side. However, it is also possible to 
use a structure for only suppressing the central fre- 
quency component of an FM signal. In this case, a 
structure is constituted which converts a signal using a 
single subcarrier or a plurality of signals multiplexed by 
a plurality of subcarriers into an FM signal or FM signals 
by using FM modulation means, suppresses the central 
frequency component or components of the FM signal 
or FM signals, generates an optical signal or optical sig- 
nals in accordance with the FM signal or FM signals 
whose central frequency component or components is 
or are suppressed, and transmits the optical signal or 
optical signals. .Thereby, when directly converting an 
AM signal into an electric FM signal, it is possible to use 
a large modulation index for an FM modulator. There- 
fore, an advantage is obtained that a C/N value can be 
further improved by increasing a distortion with the FM 
modulator. 

[0070] Moreover, in the case of the above embodi- 
ments, a band-suppression filter can use a filter for 
selectively suppressing a spectrum nearby the central 
frequency for FM conversion and the suppression 
degree can be approx. 10 dB. 

[0071] Furthermore, for the above embodiments, a 
case is described in which suppression means of the 
present invention uses a band-elimination filter and the 
central frequency component of an FM signal shifted to 
the low-frequency side by first frequency conversion 
means (corresponding to the frequency converter 
1008b in FIG. 9 in the case of the above embodiments) 
is suppressed. However, it is also possible to use a 
structure of suppressing the central frequency compo- 
nent of an FM signal converted by FM modulation 
means at the stage before the above shifting is per- 
formed and then, shifting the FM signal to the low-fre- 
quency side similariy to the above case. The structure in 
the above case is described below. That is. a plurality of 
subcarrier-multiplexed AM signals are converted into 
FM signals by an FM modulator having an FM carrier in 
a millimeter band having a carrier frequency higher 
enough than that of the AM signals serving as non-mod- 
ulated waves, the central frequency components of the 
FM signals are suppressed with the band-elimination fil- 
ter, a desired modulation factor is apparently raised, 
and then the signals are shifted to the low-frequency 
side by a. first frequency converter, multiplied by a fre- 
quency multiplier, shifted to the optical transmission 
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band at the low-frequency side by a second frequency 
converter, converted into optical signals, and transmit- 
ted. A block diagram in the above case is the same as a 
block diagram in which the sequence of the arrange- 
ment of the frequency-elimination filter 1005b and the 
frequency converter 1008b is reversed. 
[0072] Moreover, for the above embodiments, a case 
is mainly described in which a plurality of subcarrier- 
multiplexed signals, that is, multichannel signals multi- 
plexed by a plurality of subcarriers are converted into 
FM signals by FM modulation means. However, it is also 
possible to use a single-channel signal using a single 
subcarrier as a signal to be converted into an FM signal. 
Also in this case, the advantages same as the above 
mentioned can be obtained. 

(Fifth embodiment) 

[0073] FIG. 10 is a block diagram showing the struc- 
ture of the FM optical transmission system of the fifth 
embodiment of the present invention. The structure of 
this embodiment is described below by referring to FIG. 
10. 

[0074] As shown In FIG. 10. the present FM optical 
transmission system is provided with an optical trans- 
mitter 2001 and an optical receiver 2013. in which the 
optical transmitter 2001 and the optical receiver 2013 
are connected each other by an optical-fiber cable 92. 
The optical transmitter 2001 is provided with an AM-to- 
FM conversion section 2002 and an electricity-to-light 
conversion section 2003. The AM-to-FM conversion 
section 2002 is provided with an AM-to-FM converter 
2004, a multiplier 2005, a band-pass filter 2006, and a 
frequency converter 2007. The electricity-to-light con- 
version section 2003 is provided with a wide-band 
amplifier 2008, a semiconductor laser 2009, an optical- 
fiber grating 2011. and an optical circulator 2010. 
[0075] The present FM optical transmission system 
has a structure almost the same as that of the above- 
described embodiments but it is characterized by 
including the optical-fiber grating 201 1 . 
[0076] FIGS. 11(a) and 11 (b) and FIGS. 12(a) and 
12(b) are conceptual views of signal spectrums for 
explaining operations of the FM optical transmission 
system, FIG, 13 is a block diagram of group-delay com- 
pensation means constituted with the optical-fiber grat- 
ing 201 1, and FIGS. 14(a) to 14(c) are conceptual views 
showing operations of the optical-fiber grating 201 1. 
[0077] Then, operations of the optical-fiber grating 
201 1 of this embodiment are mainly described by refer- 
ring to FIGS. 11 to 14. 

[0078] The contents shown in FIGS. 1 1 (a) to 1 2(b) are 
basically the same as those described for the above 
embodiments. That is. in FIGS. 1 1 (a) and 1 1 (b). symbol 
20 denotes the original AM signal (band of fi to fa) 
above described, 2061 denotes an FM signal converted 
by the AM-to-FM converter 2004. Symbol 2062 denotes 
a first sideband in the spectrum of the FM signal 2061, 


which appears In regions f^ separate from each other 
centering around an FM carrier 2063 (frequency fo). 
Moreover, symbol 2064 in FIGS. 12(a) and 12(b) 
denotes an FM-multiplied signal having a carrier 2063' 

5 obtained by multiplying the FM signal 2061 by N by the 
multiplier 2005 and a wide signal band. The carier 
2063' has a frequency of. for example, 
NF o(NXf o) = 25 GHz that is higher enough than that of 
the original AM signal 20. 

10 [0079] That is, an FM-frequency-converted signal 
2065 obtained in the same manner as the case of the 
above embodiments is input to the semiconductor laser 
2009 through the wide-band amplifier 2008 and con- 
verted into an FM optical signal 2066 by the semicon- 

15 ductor laser 2009. Then, the generated FM optical 
signal 2066 is input to the optical-fiber grating 2011 
through the optical circulator 2010. 
[0080] The optical-fiber grating 201 1 is constituted so 
as to be able to optionally set the group-delay character- 

20 istic in an optical signal reflected by the optical-fiber 
grating 201 1 by changing intervals between refraction- 
factor distributions in the longitudinal direction as shown 
in FIG. 13. 

[0081] FIG. 14(a) shows an example of the group- 
25 delay characteristic of the FM optical signal 2066 when 
not passing the signal 2066 through the optical-fiber 
grating 2011. After the FM optical signal 2066 passes 
through the optical transmitter 2001 and the optical fiber 
92. the group-delay characteristic becomes uneven 
30 depending on a frequency In the case of the example 
shown in FIG. 14(a). a delay value decreases as a fre- 
quency gets higher. 

[0082] On the contrary, the delay-adjustment value of 
the above optical-fiber grating 2011 is set so as to be 

35 opposite to the group-delay characteristic in FIG. 14(a) 
as shown in FIG. 14(b). Thereby, the group-delay char- 
acteristic shown in FIG. 14(a) and the group-delay 
adjustment value shown in FIG. 14(b) are offset and the 
group-delay characteristic is uniformed as shown in 

40 FIG. 14(c) independently of a frequency 

[0083] The FM optical signal 2066 whose group-delay 
characteristic is adjusted by the action of the optical- 
fiber grating 201 1 is transmitted to the optical-fiber cable 
92 through the optical circulator 2010. 

45 [0084] Moreover, the FM optical signal 2066 input to 
the optical receiver 2013 from the optical-fiber cable 92 
is converted into an electric signal by a light-to-electric- 
ity conversion section 2015 (constituted with a light-to- 
electricity converter 2016 including a photodlode or ava- 

50 lanche photodiode and a preamplifier 2017) and then, 
input to an FM-to-AM demodulator 2014 (constituted 
with a limiter amplifier 2018, a branch element 2019. a 
delay circuit 2020. a mixer 2021. and a low-pass filter 
2022) in which the signal 2066 is amplified to a desired 

55 signal intensity and demodulated to the original AM sig- 
nal 21. The demodulated AM signal 20 is a signal hav- 
ing a preferable phase characteristic because the group 
delays in a transmission system are offset by the opti- 
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cal-fiber grating 2011. 

[0085] According to the above structure, it Is possible 
to obtain a desired FM modulation factor by using the 
AM-to-FM converter 2004 having a small FM modula- 
tion factor, thereby performing AM-to-FM conversion, s 
and secondarily increasing the FM modulation factor in 
accordance with the subsequent multiplying operation. 
Thereby, it is possible to simultaneously convert AM 
multichanrel signals subcarrier-multiplexed through the 
signal processing by a simple-structure electric circuit io 
into FM signals without increasing multiplication number 
of the multiplier 2005 and moreover, demodulate the 
group delays in a modulation-demodulation system and 
a transmission system by group-delay compensation 
means constituted with the optical-fiber grating 2011 is 
and the optical circulator 2010 to the AM signal 21 supe- 
rior in phase characteristic. 

[0086] Moreover, in general, the group-delay charac- 
teristic shown in FIG. 14(a) is approx. tens to hundred- 
and-tens psec in a predetermined band. Therefore, a 20 
group-delay value compensated by the optical-fiber 
grating 201 1 can be obtained by forming a refraction- 
factor distribution at the hundreds-psec/nm order in a 
negative phase by the optical-fiber grating 20 11 so as to 
obtain the compensation characteristic In FIG. 14(b) 25 
vyhen considering the wavelength expansion (several to 
more-than-ten GHz) of the semiconductor laser 2009. 
[0087] By executing the above group-delay compen- 
sating function and thereby performing group-delay 
compensation by the entire transmission system, it is 30 
possible to constitute an FM optical transmission sys- 
tem superior in group-delay characteristic as a whole 
even if using an inexpensive circuit element not always 
having a preferable group-delay characteristic. Thereby, 
it is possible to cut the cost and realize a structure to be 3S 
easily introduced into an access network including a 
subscriber's system. 

(Sixth embodiment) 

40 

[0088] FIG. 15 is a block diagram showing the struc- 
ture of the FM optical transmission system of the sixth 
embodiment of the present invention. The FM optical 
transmission system Is basically provided with a struc- 
ture same as that of the FM optical transmission system 45 
of the fifth embodiment, in which the same or a similar 
structure is provided with the same symbol and its 
description is omitted. 

[0089] The FM optical transmission system is charac- 
terized in that the optical-fiber grating 20 11 is provided so 
with a temperature control section 2025. The tempera- 
ture control section 2025 has a structure including a 
heater and a thermostat to optionally change the envi- 
ronmental temperatures of tiie optical-fiber grating 201 1 
so as to be able to change the longitudinal dimensions 55 
of the optical-fiber grating 2011 by fluctuating environ- 
mental temperatures and thereby, adjusting the linear 
expansion of tiie optical-fiber grating 201 1 . By changing 


longitudinal dimensions of the optical-fiber grating 201 1 , 
it is possible to change intervals between refraction-fac- 
tor distributions of the optical-fiber grating 201 1 . 
[0090] For each of the above embodiments, the opti- 
cal-fiber grating 201 1 is used as a group-delay compen- 
sating element. However, when group-delay 
characteristics of a transmission system linearly 
change, it is needless to say that a dispersion compen- 
sating fiber can be used. Moreover, in the case of each 
of the above embodiments, the present invention is exe- 
cuted for an FM optical transmission system for trans- 
mitting a plurality of subcarrier-multiplexed signals after 
applying such processings as FM modulation, multipli- 
cation, low-frequency conversion, optical signal conver- 
sion to the signals in order. However, the present 
Invention is not restricted to the above FM optical trans- 
mission system. It is needless to say that the present 
invention can be executed for FM optical transmission 
systems having any structure as long as they are 
respectively provided with an optical transmitter for 
transmitting a plurality of sub-carrier-multiplexed signals 
by simultaneously converting them into FM optical sig- 
nals. 

[0091 ] By using the above structure (temperature con- 
trol section 2025), it is possible to change group-delay 
compensation characteristics caused by the optical- 
fiber grating 201 1 in addition to the advantages of the 
embodiment 5 and finely adjust the degree of group- 
delay compensation in accordance with the fluctuation 
of transmission delay on a system. Moreover, it is possi- 
ble to prevent the degree of dispersion compensation 
from being fluctuated due to the fluctuation of the set 
environmental temperature of the optical-fiber grating 
2011. 

[0092] In the case of this embodiment, the tempera- 
ture control section 2025 is provided for the optical-fiber 
grating 201 1. However, it is also possible to obtain the 
same operation/working effect by changing longitudinal 
tensions of a fiber. 

[0093] Moreover, when the optical-fiber grating 2011 
has a function for local heating and cooling or a function 
for changing tensions in a certain range of the refrac- 
tion-factor distribution, it is possible to change group- 
delay compensation characteristics of only a predeter- 
mined frequency band. 

(Seventh embodiment) 

[0094] FIG. 16 is a block diagram of the FM optical 
transmission system of tiie seventh embodiment of the 
present invention. 

[0095] This FM optical transmission system is basi- 
cally provided with the same structure as the embodi- 
ment 5. In FIG. 16, the same or similar portions are 
provided with the same symbol and their description is 
omitted. 

[0096] This FM optical transmission system is charac- 
terized in that the optical-fiber grating 201 1 and optical 
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circulator 2010 are provided for the light'to-electricity 
conversion section 201 5 in the optical receiver 2013. By 
using the above structure, it is possible to further com- 
pensate the group-delay dispersion (phase shift) 
caused by the optical-fiber cable 92 and optical receiver 
2013 in addition to the advantages of the embodiment 
5. 

[0097] Each of the frequency multipliers of the above 
embodiments raises an input frequency to n-fold fre- 
quency and generates a high frequency by using the 
nonlinearity of transistor, FET or a variable-capacity 
diode. 

[0098] Moreover, each of the frequency converters of 
the above embodiments converts a frequency into the 
high-frequency side or low-frequency side by using the 
frequency mixing action of a nonlinear circuit element 
similarly to the case of a frequency multiplier. 
[0099] For the above embodiments, a case is 
described in which compensation means is provided for 
an optical transmission system having one semiconduc- 
tor laser as described above. However, it is also possi- 
ble to provide the compensation means for the 
transmission side or reception side of the conventional 
FM optical transmission system described for FIG. 17._ 

Claims 

1. An FM signal optical transmission apparatus com- 
prising: 

modulation means for converting a multiple sig- 
nal obtained by subcarrier-multiplexing a plu- 
rality of signals into an FM signal having a 
predetermined carrier frequency; 
frequency conversion means for shifting an FM 
signal converted by said modulation means to 
a frequency lower than said earner frequency: 
and 

optical modulation means for converting an 
optical signal into an FM optical signal by mod- 
ulating said optical signal in accordance with 
an FM signal output from said frequency con- 
version means and transmitting said FM optical 
signal through an optical fiber cable. 

2. The FM signal optical transmission apparatus 
according to claim 1 , wherein 

said carrier frequency is higher enough than 
the frequency of said signals, 
conversion to said FM signal represents the 
conversion of the carrier signal having said car- 
rier frequency into a narrow-band FM signal by 
substantially FM-modulating said carrier signal 
in accordance with a modulation index for sub- 
stantially generating only a first-sideband, and 
shifting of said narrow-band FM signal to said 
low frequency side represents the conversion 
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of said nan-ow-band FM signal into a low-fre- 
quency-conversion narrow-band FM signal 
having a frequency lower enough than said 
carrier frequency. 

The FM signal optical transmission apparatus 
according to claim 1, further comprising: 

multiplication means for multiplying a plurality 
of said FM signals output from said modulation 
means to output a multiplied signal; and 
first-band filtering means for band-filtering a 
desired narrow-band FM signal among multi- 
plied signals output from said multiplication 
means to output it to said frequency conversion 
means. 

The FM signal optical transmission apparatus 
according to claim 1 or 3, further comprising: 

second-band filtering means for band -filtering 
only either of a first upper-sideband and a first 
lower-sideband included in the first sideband of 
said FM signal output from said modulation 
means. 

The FM signal optical transmission apparatus 
according to any one of claims 1 to 4. wherein 

said modulation means is a voltage-control 
oscillator or relaxation oscillator. 

The FM signal optical transmission apparatus 
according to any one of claims 1 to 4. wherein 

said modulation means phase-modulates said 
multiple signal to convert it into a phase-modu- 
lated signal and thereafter, multiplexes the 
phase-modulated signal and said carrier signal 
and thereby, converts the multiplexed signal 
into a narrow-band FM signal to output it. 

The FM signal optical transmission apparatiiS 
according to any one of claims 1 to 6, wherein 

suppression means for suppressing the central 
frequency of said FM signal output from said 
modulation means is included, and 
the output from said suppression means Is 
input to said frequency conversion means to 
serve as an object of said shifting. 

The FM signal optical transmission apparatus 
according to claim 7, wherein 

said suppression means is a band-elimination 
filter and either of the upper sideband and 
lower sideband of an FM signal after passing 
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through said band-elimination filter Is transmit- 
ted as said FM optical signal. 

9. The FM signal optical transmission apparatus 
according to any one of claims 1 to 8, wherein s 

compensation means is included which applies 
dispersion compensation or group-delay com- 
pensairnn to said FM signal to be transmitted. 

10 

10. The FM signal optical transmission apparatus 
according to claim 9, wherein 

said compensation means compensates the 
negative-phase characteristic of the group is 
delay of said FM signal caused in an electric- 
circuit section in said FM signal optica! trans- 
mission apparatus and/or said optical fiber. 

11. The FM signal optical transmission apparatus 20 
according to claim 9 or 1 0, wherein 

said compensation means is an optical-fiber 
grating. 

25 

12. The FM signal optical transmission apparatus 
according to claim 11. wherein 

a control section is included which controls the 
compensation characteristic of said optical- 30 
fiber grating. 

13. The FM signal optical transmission apparatus 
according to claim 11, wherein 

35 

a tension control section is included which con- 
trols the tension of an optical fber constituting 
said optical-fiber grating. 

14. The FM signal optical transmission apparatus 40 
according to claim 9 or 10, wherein 

said compensation means is a dispersion -com- 
pensating fiber. 

45 

15. An FM signal optical reception apparatus compris- 
ing: 

compensation means for dispersion-compen- 
sating or group-delay-compensating an FM so 
optical signal transmitted through an optical 

fiber; 

light-to-electricity conversion means for con- 
verting an FM optical signal output from said 
compensation means into an FM electric sig- ss 
nal; and 

demodulation means for demodulating said FM 
signal converted by said light-to-electricity con- 


version means into an AM signal. 

16. The FM signal optical reception apparatus accord- 
ing to daim 15, wherein 

said compensation means compensates the 
negative-phase characteristic of the group 
delay of said FM optical signal caused in the 
electric circuit section in an FM signal optical 
transmission apparatus for transmitting said 
FM optical signal and/or said optical fiber. 

17. The FM signal optical reception apparatus accord- 
ing to claim 15 or 16, wherein 

said compensation means is an optical-fiber 
grating. 

18. The FM signal optical reception apparatus accord- 
ing to claim 1 7, wherein 

a control section is included which controls the 
compensation characteristic of said optical- 
fiber grating. 

19. The FM signal optical reception apparatus accord- 
ing to claim 17, wherein 

a tension control section is included which con- 
trols the tension of an optical fiber constituting 
said optical-fiber grating. 

20. The FM signal optical reception apparatus accord- 
ing to claim 15 or 16, wherein 

said compensation means is a dispersion com- 
pensating fiber. 
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